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COMPLETE SPECIFICATION 
Improvements relating to Polyurethanes 



We, Allied Chemical Corporation, a 
Corporation organised and existing under the 
laws of the State of New York, United 
States of America, of 61 Broadway, New 

3 York 6, New York, United States of America, 
do hereby declare the invention for which we 
pray that a patent may be granted to us, 
and the method by which it is to be per- 
formed, to be particularly described in and 

10 by the following statement: — 

THIS INVENTION relates to curable 
polyurethane compositions having an extended 
pot life. More particularly, it relates to poly- 
urethane prepolymer compositions containing 

15 a chain extender which remain pourable and 
workable for prolonged periods, and to the 
preparation thereof. 

Polyurethane elastomers can be cast or 
moulded in many intricate shapes and forms 

30 to produce for example solid tyres, anti- 
vibration mountings, impellors, propellors, 
bushings, bearings, chute linings, gears, belts, 
protective equipment, helmet liners, and gas 
masks. The general method of preparing poly- 

25 urethane elastomers involves the preliminary 
formation of a prepolymer by co-reacting a 
polyol, e.g. a polyester having terminal 
hydroxyl groups or a polyether glycol, with 
stoichiometric excess of polyisocyanate. The 

30 resultant isocyanate terminated prepolymer is 
cured by reaction with a polyfunctional cross- 
linking or chain extending agent containing 
active hydrogen, such as water, an aromatic 
or aliphatic diamine, or art; aliphatic diol; such 

35 an agent will hereinafter be referred to as a 
" curing agent Non-reactive ingredients such 
as fillers, dyes, and anti-oxidants may be 
added, as desired, at this stage. 
The curing step is carried out by first 

40 admixing, and preferably thoroughly blending, 
the prepolymer with the curing agent, usually 
at elevated temperature. The mixture is then 
poured into moulds and hardened by the appli 

[Prict 4s. 6d.] 



cation of heat and/or pressure, or it is mas- 
ticated on heated rolls and formed into sheets. 

In most instances, the mixture of prepoly- 
mer and curing agent remains in a fluid 
pourable condition for a relatively short time. 
Such compositions are said to have a rela- 
tively short " pot life This necessitates the 
preparation of such mixtures in small batches. 
This is inconvenient and expensive, and not 
conducive to large scale manufacture. More- 
over, the short pot life of these curable com- 
positions often makes the filling of the moulds, 
especially those of intricate shape, difficult 
and incomplete, and entrapment of gas bubbles 
often occurs. When the curable compositions 
are maintained above 25 °C for long periods, 
as often occurs since temperatures above 25° 
C are generally necessary for the satisfactory 
prepartion of both prepolymer and cured 
elastomer, they will often not remain even 
sufficiently fluid to be poured into moulds 
which adds to the difficulties of economic 
production of the moulded articles. 

The present invention is concerned with 
curable polyurethane compositions having ex- 
tended pot life, which remain sufficiently 
fluid to be poured into moulds even when 
maintained at above 25°C for extended 
periods. The compositions of the invention 
comprise an intimate mixture of an isocyanatc- 
terminated prepolymer which is the reaction 
product of a polyester polyol and methylene 
bis(4-cyclohexylisocyanate), and an arylene 
diamine as curing agent. They can be main- 
tained at temperatures above 25 °C for sub- 
stantially longer periods without losing their 
fluid character than curable compositions de- 
rived from polyurethane prepolymers * pre- 
pared from more conventional polyisocyanates 
such as tolylene diisocyanates. 

The curable polyurethane compositions of 
this invention can be prepared in the con- 
i-ventional manner. In a preferred method a 
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polyester polyol, formed from ethylene glycol, 
propylene glycol and adipic acid, is reacted 
with methylene bis(4-cydohexylisocyanate). 
The resultant isocyanate rich prepolymer is 

5 mixed with sufficient of the curing agent, e.g. 
4,4' - methylene - bis - (2 - cMoroariiiine), to 
react with 80—100% of the free isocyanate 
groups. The mixture is vigorously agitated 
and then poured into a pre-heated mould. 

10 The pot life of the mixture can be deter- 
mined by inserting a wooden tongue de- 
pressor into the hot mixture and removing 
the depressor. When the cavity made by the 
depressor does not disappear, the mixture is 

15 no longer pourable and the pot life is said 
have ended. The mixture when poured into the 
pre-heated mould can be cured in any known 
manner, for example, it can be heated at 
135°C under 2,800 kg/cm 2 pressure for^lO 

30 minutes and post-cured for 3 hours at 130°C. 
The resultant elastomers afer curing in a 
conventional manner have all the usual excel- 
lent physical properties of polyurethane elas- 
tomers such as high tensile strength, hard- 

25 ness, resistance to solvents, and abrasion 
resistance. 

A stoichiometric excess of isocyanate over 
polyol is used to prepare the prepolymers. 
Preferably this excess should be such as to 

30 provide at least 3.0% and especially from 
5 to 7% by weight of free isocyanate groups 
in the prepolymer. t m 

The polyester polyol (which term is in- 
cludes polyesteramide polyols) used to prepare 

35 the prepolymer is preferably a linear com- 
pound having terminal hydroxyl groups and a 
functionality of 2. Such compounds are well 
known in this art and may be prepared in a 
conventional manner by condensation of one 

40 or a mixture of dibasic acids and one or a 
mixture of glycols. Representative examples 
of the dibasic acids which can be used in 
the preparation of these polyesters are suc- 
cinic, glutaric, adipic, pimelic, suberic, azeiaic, 

45 sebacic, and terephthalic acids. Suitable gly- 
cols include ethylene glycol, propylene glycol, 
butylene glycol, tetramethylene glycol and 
hexamethylene glycol Polyester polyols de- 
rived from adipic acid and a mix- 

50 ture of ethylene and propylene glycols 
are preferred. The polyester polyols 
desirably have a molecular weight of 
at least 1000, preferably between about 
1500 and about 2500. Their hydroxyl num- 

55 ber should be between 40 and 115 and the 
acid number below 5. 

In the formation of the polyurethane elas- 
tomer the prepolymer containing free iso- 
cyanate groups is caused to react with the 

60 arylene diamine curing agent. Examples of 
arylene diamines which may be used are 4,4' - 
methylene - bis - (2 - chloroaniline), 4,4' - 
methylene - bis - (2 - bromoaniline), 4 3 4' - 
methylene - bis - (2 - methoxyaniline, 4,4' - 

65 methylene - bis - (2 - ethylaniline), 4,4 - 



methylene - bis - (2 - n - hexylanfline, naph- 
thalene - 1,5 - diamine, 2^2'-dichloroben- 
idine, and dianisidine. 

The amount of the curing agent used is 
generally between 80% and 100%, e.g. 90%, 70 
of the amount theoretically required to react 
with all the free isocyanate groups in the 
prepolymer. 

The following Examples illustrate the inven- 
tion. All parts and percentages are by weight 75 
unless otherwise specified and temperatures are 
in °C 

Example 1 
Control Experiment 
A polyester having an average molecular 80 
weight of about 2100, a hydroxyl number 
of about 57 and an acid number below 3, 
was prepared by polycondensing adipic acid 
with a mixture of glycols containing 80 mol % 
of ethylene glycol and 20 mol % of propylene 85 
glycol. 100 parts of this polyester were heated 
to 45 & — 50°, and 27.5 parts of a mixture of 
80% 2,4- and 20% 2,6-tolylene dMsocyanate 
were added. The mixture was heated to and 
maintained at 80° for 3 hours. The resultant 90 
prepolymer containing 6.84% unreacted NCO 
groups. 

100 parts of the prepolymer were heated 
to 110° and there were then added 19.55 parts 
of 4,4' - methylene - bis - (2 - chloroaniline), 95 
representing 90% o fthe theoretical amount 
required to react with all the free NCO groups 
of the prepolymer. The mixture was agitated 
vigorously for 15 to 25 seconds, and poured' 
into a mould pre-heated to 130°. The pot 100 
life of the mixture as determined by the 
wood tongue test referred to above was 47 
seconds. 

Example 2 

A mixture of 200 parts of the ethylene/ 105 
propylene adipate polyester described in Ex- 
ample 1 above heated to 45—50° and 83 
parts of methylene - bis - (4 - cyclohexyl- 
isocyanate) was heated to and maintained at 
78° to 80° for 3 hours. The mixture was 110 
permitted to cool by standing at ambient tem- 
perature for about 16 hours. The prepolymer 
contained 6.07% free NCO groups. 

70 parts of this prepolymer were heated 
to 110° and to it were added 12.1 parts of 115 
4,4' - methylene - bis - (2 - chloroaniline) 
which also was heated to 110°. The mixture 
was agitated vigorously for about 30 seconds 
and then poured into a mouli pre-heated . 
to 130°. The pot life of this curable mixture 120 
as determined by the wood tongue test was 
20 minutes. 

It can thus be seen that polyurethane com- 
positions having a very long pot life can be 
obtained. 125 

WHAT WE CLAIM IS: — 
1. A curable polyurethane-forming com- 
position having an extended pot life com- 
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prising an intimately blended mixture of an 
isocyanate-terminated polyurethane prepoly- 
mer which is the reaction produa of a poly- 
ester polyol and methylene - bis(4 - cydo- 
5 hexylisocyanate), and an arylene diamine as 
curing agent. 

2. A composition according to Claim 1, 
wherein an amount of curing agent sufficient 
to react with 80% to 100% of the free iso- 

10 cyanate groups present in the prepolymer is 
used. 

3. A composition according to Claim 1 or 
2, wherein the polyester polyol is a reaction 
product of ethylene glycol, propylene glycol 

15 and adipic add. 

4. A composition according to Claim 3, 
wherein the polyurethane prepolymer is the 
reaction produa of poly(ethylene/propylene) 
adipate having an average molecular weight 

20 of between 1500 and 2500, and a hydroxyl 
number of between 40 and 115 and a stoichio- 
metric excess of methylene - bis - (4 - cydo- 
isocyanate). 

5. A composition according to any preced- 
25 ing Claim, wherein the arylene diamine is 

4,4' - methylene - bis - (2 - chloroaniline). 

6. A composition according to Claim 1, 
substantially as herein described. 



7. A composition according to Claim 1, as 
described in Example 2 herein. 30 

8. A method of making a curable poly- 
urethane-forming composition daimed in any 
preceding Claim, which comprises reacting the 
polyester polyol with a stoichiometric excess 

of methylene - bis - (4 - cydohexylisocyanate) 35 
to form the isocyanate-terminated polyurethane 
prepolymer and thereafter intimatdy blending 
the prepolymer with sufficient of the curing 
agent to react with 80% to 100% of the 
isocyanate groups. 40 

9. A method according to Claim 8, wherein 
the curing agent and prepolymer are sepa- 
rately pre-heated prior to intimate blending. 

10. A method according to Claim 8, sub- 
stantially as herein described. 45 

11. Curable polyurethane compositions when 
obtained by a process daimed in any one of 
Claims 8—10. 

12. Moulded or shaped articles made of 
polyurethane dastomers produced by curing 50 
a composition daimed in any one of Claims 

1 to 7 and 11. 

J. A. KEMP & CO., 
Chartered Patent Agents, 
14 South Square, 
Gray's Inn, London, W.C1. 



Printed for Her Majesty's Stationery Office by the Courier Press, Leamington Spa, 1969. 

Published by the Patent Office, 25, Southampton Buildings, London, W.C.2. from which copies may be obtained. 



